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The unique features of nickel dermatitis
have been reviewed recently by Calnan (1).
Sensitization to nickel has to be preceded by
permeation of the nickel into the dermis. It
has been shown that Ni penetrates deeper at
sweat-duct and hair-follicle ostia and has a
special affinity for keratin (2).
It is possible that under conditions of usual
expo&ire, some nickel reaches the dermis in a
non-ionic form, having been chelated before
(3—6) or during its passage through the sweat-
duct (7). It seems likely that some of the Ni
ions may reach the dermis. The fate of these
ions, especially in low concentrations, and their
reciprocal effect on the condition of the dermis,
may be of importance in the elucidation of the
pathogenesis of nickel dermatitis.
MATERIALS AND METHODS
Cadaverous human skin of the back was ex-
tracted with a 5% NaC1 solution for three days,
after which the epidermis was removed. The der-
mis was cut into pieces of about 10 gm each and
rinsed in water. Separate pieces were put in a NiC12
solution of known strength for at least three days,
after which the Ni concentration of the solution
did not decrease any more. The dermis was drained
on filter paper and weighed. The water content of
the moistened dermis could thus be determined
with an accuracy of about 1%. The area of its sur-
face was measured on millimeter paper, its thick-
ness calculated at the end of the experiments, as-
suming the specific gravity of dry dermis to be 1.3.
The same specimens of dermis were used for expe-
riments in other NiC12 concentrations of different
strength.
The Ni-concentration of the solution was de-
termined by the colorimetric method using di-
phenylglyoxim; the dry weight was found after
drying at 1050 C for 16—24 hours; the NP-concen-
tration in the pieces of dermis after incinerating the
organic substance at a low temperature and de-
stroying it by strong acids.
The membrane potential of the dermis was
measured at pH 3½, 4½, 5½, 6½, 7½ and 8 as a
diffusion potential between 0.1 M and 1 M KC1-
solutions in the same manner as described for
chromium compounds (8), with the difference, how-
ever, that a nickel concentration remained present
in the cuvettes during the measuring of the poten-
tial. A precision and reproducibility of the meas-
ured potential within 0.1 mV was attained by meas-
uring not only after 16 hours but repeating the
measurement also after 17 and eventually 18 hours.
The number of the experiments varied with the
circumstances as can be seen from the figures. Every
set of experiments was accompanied by one or two
controls.
RESULTS
1. Electric or Membrane Potential
The potential of the dermis changes with pH
of the surrounding solution (fig 1). The iso-
electric point of the dermis is about 6.5 in pH.
When the pH is over 6.5, the dermis is negatively
charged; below 6.5 it is positively charged.
Especially when negatively charged, an interac-
tion of the positively charged Ni—ion with the
dermis may be expected. Measurements at
several Ni-concent rations show that the nega-
tively charged dermis was discharged completely
at very low concentrations of Ni. At pH 7,
for example, it is completely discharged at 0.03
mmol Ni/1 (fig 2). Higher concentrations of
Ni even charge the dermis positively. The
attraction of the dermis to nickel ions is there-
fore shown to be stronger than the electric
repulsive force of the positively charged dermis
and Ni. The positive potential of the dermis
is at its maximum at a concentration of about 7
mmol Ni/1. As, of course, a positively charged
dermis will attract negatively charged C1-ions,
the dermis is discharged when the NiCI2-con-
centration is further increased.
At low pH (e.g., pH 4.5)—notwithstanding
the net positive charge of the dermis—the Ni-
ions increase its already positive charge (fig 2,
curve at pH 4½). The curves at different pH
are very similar to each other. It is quite
obvious that the dermis attracts the Ni very
much better than could be expected from the
net electric attractive forces alone.
103
* From the Department of Dermatology of the
R.C. University of Nijmegen, The Netherlands.
Received for publication February 28, 1964.
t
104 JOURNAL OF INVESTIGATIVE DERMATOLOGY
membrane potential (my)
2 5
20
3 4 5 6 7 8 pH
FIG. 1. Electric membrane potential of a human dermis at some pH's, as influenced by various
Ni-concentrations. The concentrations mentioned are those in the solution at the beginning of the
experiments.
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FIG. 2. The electrical potential of the dermis, as
it is influenced by various Ni-concentrations at
pH 7 and pH 4½.
2. Absorption
According to the measurements of the mem-
brane potential, quite a strong attraction exists
between dermis and Ni. This encouraged us
to measure the quantity of Ni which was
stored by the dermis when surrounded by a
solution of NiC12. An equilibrium was attained
within three days. The NiCirsolution was then
replaced by another NiC12-solution of higher
concentration. After three days more Ni was
retained by the dermis. Such experiments may
be repeated several times with various Nit
concentrations. The process was reversible; the
nickel absorbed by the dermis at high concentra-
tions returned into the solution when the Ni-
concentration in the surrounding solution was
diminished. It seemed possible, therefore, that
the process of Ni-attraction to the dermis was
one of absorption.
Quantitative measurements were carried out
at concentrations between 0.01 and 10 mmol
Ni/1 in the surrounding solution. When the
amount of Ni absorbed by the dermis and the
concentration of the Ni in the surrounding
solution are plotted graphically on logarithmi-
cally divided paper, a straight line is obtained
(fig 3, curve of NiC12 solved in water). The
presence of NaC1 (fig. 3, curve of NiC12 solved
in 1% NaC1-solution) influences the results only
slightly, resulting in a better absorption in Ni-
solutions of higher concentration.
In the investigated region, low Ni-concentra-
tions are of primary interest because of the
amounts that are present in vivo. The absorp-
tion may be described mathematically as is an
absorption-isotherm according to Freundlich:
log m = log k + (log c)/n
when rn = rnmol Ni absorbed by the dermis;
k = a constant; n = another constant; c =
Ni-concentration of the surrounding solution
in mmol Ni/1.
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The value of n we found for the absorption
of Ni to dermis was 2.4 (value at pH 6
obtained from the dermis of the back of a man,
57 years old) (fig 3); but it may vary, as we
also found a value of 1.6 for the dermis of a
66 year old woman. Both values are not im-
probable; they are much like those found for
several substances absorbed by absorptive coal.
The absorption is more effective at lower
concentrations (fig. 4). The water content of
the dermis is assumed to be 75%. The per-
centage of nickel absorbed has been computed
as 100 a/(a + b) where a is the amount of Ni
bound to the solid portion of the dermis and b is
the amount of Ni dissolved in the 75% water
content of the dermis. The straight line of
figure 4 represents the percentage of the
present in the solution and not absorbed by the
dermis; the dotted line represents the percent-
age of Ni absorbed by the dermis. When the
concentration of the Ni** is high, only a little
fraction of it is absorbed by the dermis; when
the Ni**_concentration is very low, it is nearly
FIG. 4. Absorption of Ni*+ by dermis, assuming
the water content being 75%.
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FIG. 5. Swelling of the dermis at various Ni-
concentrations as demonstrated by the variations
in weight (water content), area and thickness of the
dermis.
all absorbed and only a small amount of Ni
remains in the solution.
The insoluble part of the dermis acts as a
sink of Ni*, if only low Ni-concentrations are
present.
3. Swelling
Swelling as an indication of binding of mate-
rial, elaborated by Jordan Lloyd (9), was used
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by Chornan (10) in his work on the response of
skin to surfactants. Since we were interested in
knowing whether the attraction of nickel would
also influence the structure and the swelling of
the dermis, determinations at pH 6 were carried
out of the amount of weight-increase, varia-
bility in area and thickness by the presence of
Ni in the surrounding solution. Some results
are represented in figure 5. There are of course
many factors which may cause variations of the
weight of a piece of dermis. Each experiment
was accompanied by at least one control experi-
ment in order to obtain reproducible results of
the variability in weight as are represented in
the upper curves of figure 5. Six pieces of
dermis and two control pieces were used and
measured at the indicated Ni-concentrations.
These pieces of dermis were very much the same
in dry weight after the experiment was ended
(3.5 gm), and exactly the same amounts of Ni
were added. The correlation of the values of
all six pieces of dermis was very good.
Thickness and area of a piece of dermis were
measured at four different Ni-concentrations
of the surrounding solution with one of the
concentrations always being about 15 mmol
Ni/1, and the other three concentrations
different for different pieces of dermis. The area
of the pieces of dermis was about 30 cm2, the
thickness varied from 4 to 5 mm. Because it
was necessary to compare a considerable number
of results, we divided the area or thickness
respectively by the area or thickness at 15 mmol
Ni/1 and multiplied it by 30 resp. 4.0. So all
measurements at 15 mmol Ni/1 are equalized
and converge to one point in the graph. From
this, it is apparent that the area increases with
increasing Ni-concentrations (when the nickel
concentration is not high) and the thickness is
decreased by low Ni-concentrations down to
about ½ inmol Ni/1. The combination of the
graphs of the area and the thickness together
may elucidate the form of the curve of the
weight or water content of the dermis (in water).
It is obvious that the presence of nickel ions
influences the structure of the dermis-protein,
especially at low Ni-concentrations (variation
of thickness).
C ONC LU ST ON
The changes of the dermis potential, and the
results of investigation of absorption and
swelling, all reveal that Ni is bound to the
dermis. This binding is reversible, and is stronger
than could be effected by electrostatic forces
alone. Especially at low Ni-concentrations, the
Ni is strongly bound by the dermis, which may
serve as a reservoir of Ni4.
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